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John R. Host and Roger Pfenninger! 


ABSTRACT 


Flyash from bark-ftred botler plants was found to be a low 
strength fertilizer, having a benefictal combination of essenttal 
mtero- and macronutrtents. Analysts shows the nutrient level to 
be low but also of long duration, whteh enhances the use of fly- 
ash as a source of plant nutrients. 


KEYWORDS: soil nutrients, wood residue utilization, 
flyash utilization. 


Gradual prohibition of open refuse burning and increasing prices and intermittent 
supplies of fossil fuels, particularly natural gas, have prompted many forest products 
plants to use bark as fuel. Burning logging residues or grasslands to release nutrients 
to the soil has been practiced for a long time. Flyash from forest products boiler 
plants produces similar residues! Why not use flyash for a soil amendment? Are these 
residues suitable as a nutrient supply? Might there be some additional favorable qual- 
ities as a soil amendment? What limitations are there on the application of this 
material? 


Flyash is produced when burning gases contact the relatively cool surface of the 
firebox or burning chamber wall. The gas then changes to a solid ash which is then 
removed in precipitators or scrubbers. Dirty bark causes the formation of volcanic 
glass which can help to improve tilth of heavy soils. A rule of thumb is--bark from 
1 million board feet of logs will provide 1 ton of flyash. This rule suggests that in 
western Montana more than 1,000 tons of flyash are disposed of per year. At this time 
an indeterminate amount of bark is still burned in tepee burners. It is logical to 
assume that eventually much of this bark will be utilized for firing boilers. Conse- 
quently, the supply of flyash will increase proportionately. 


Respectively: Research Forester, located at Intermountain Station's Forestry 
Sciences Laboratory, Missoula, Montana; and Soil Scientist, Soil Conservation Service, 
Deer Lodge, Montana. 


The following analysis was obtained for a boiler plant fired with bark residues. 
About 17.5 tons of wet hog fuel produces 121,000 pounds of steam per hour for 24 hours 
which also produces 622 pounds of ovendry flyash. Because this boiler plant is fired 
with a traveling grate feed system, the flyash contains some unburned carbon. This. 
amounted to 3.02 percent by weight of the material obtained from the stack precipi- 
tator. One boiler plant operating 350 days per year will generate 86 to 90 tons of | 
flyash per year. Another plant, with a much larger boiler installation, generates more 
than 260 tons of flyash per year. 


This Research Note reports on preliminary analysis of flyash from bark-fired 
boilers. The work is part of a research effort directed toward increasing utilization 
and product alternatives from forest and processing plant residues. 


FLYASH RESEARCH 


Literature pertaining to flyash from boiler plants is quite abundant. However, 
most of it deals with coal-fired powerplants. Plass and Capp (1974) determined that 
alkaline flyash, rich in some plant nutrients, can be used to help reclaim acidic mine 
spoils. Before treatment the spoils were extremely acidic, and after treatment pH and 
soil phosphorus increased significantly. Infiltration rates were improved, soil poros- 
ity was increased and percolation was increased to a depth of 4 feet (Plass and Capp 
1974): 


SAMPLING, ANALYSIS, AND RESULTS 


Three flyash samples were taken from each of four boiler plants in the Missoula, 
Montana, area. Ash samples were taken from different sources at each plant such as (1) 
below the cyclone that captures the ash, (2) at the conveyor before it is dumped for 
pickup, and (3) at the dump site. These boilers are fired with sawmill and plywood 
residues. This residue is mainly bark because sawdust and planer shavings are used in 
pulp or particleboard. 


Flyash material was prepared by sieving through a 1l-mm sieve to make all samples 
of uniform texture and get rid of unburned material. Two 5-gram samples were randomly 
picked from each collection for analysis. They were then placed in funnels lined with 
filter paper and leached. One of the paired 5-gram samples was leached four times with 
100 ml of water at 31°C, and the other leached four times with ammonium acetate at 30°C, 
and one normal concentration. Each leaching was analyzed individually. 


An atomic absorption unit was used to analyze leachate samples for calcium, copper, 
magnesium, manganese, potassium, sodium, and zinc. The water-leached samples were 
additionally analyzed for nitrate with a nitrogen meter, phosphate with a calorimeter, 
and pH with an electronic pH meter. 


WATER LEACHATE 


Table 1 shows the average of water soluble materials in the four leachings. Lower 
concentrations were noted with each successive leachate. (Tables 4 and 5 in the appen- 
dix show the results of each successive leaching.) The figures in table 1 are the means 
for four water-leached samples from each source. The extremely high sodium content in 
the source A sample was later traced to contamination from boiler blowdown effluent. 

The X source is the mean of samples A-D for all the various elements tested. 


Recalling that 1,000 parts per million is the same as 0.1 percent, these figures 
indicate low concentrations of all elements compared to regular commercial fertilizers. 
Elements destructive to plants are low in concentration; potassium, a beneficial 
element, is comparatively high in concentration. 


Table 1.--Mean flyash nutrient concentration--water leaching’ 


SOURCE ees Cavern ie CU ee hOhe ete Kt M seaees Nniereceee Nair me Aner ie aes | OC ae ee 0S 

-- coc ere ee eee ee Parts per million=--*+-+-*+-*+-+-.2--e-- P/m Mg/& 

A 250 (be: 7.0 1,280 235 4.6 7A 1755 0.10 9.5 4.3 6.6 

B 1,250 1.4 1.0 1,848 5,100 Bak) 74 0.04 8.5 8.7 2.0 

C 2,200 0.9 0.6 1,056 4,065 0.7 26 0.01 8.6 6.5 0.6 

D 107,200 Sri As%) 6,168 268 25 58 0.57 WA 82.3 0.4 
Grand 3/ 

Mean 27,975 1.9 2.9 ariststsy 2 nf!\7/ Ds BS) 0.18 Oe 7/ 25/59 2.4 

1/ 


>/ Table 1A in the appendix gives the results of each leaching. 


= Extremely high sodium content. Subsequent investigation determined this source to be 
contaminated from water clarification process effluent. 
Excludes contaminated source A. 


ACETATE LEACHATE 


Table 2 shows the average element availability when leached four times with ammo- 
nium acetate. The purpose of this procedure is to provide a basis for determining the 
availability of nutrient elements through successive moist periods. That is, ammonium 
acetate was used to test the residual elements that would be available over a longer 
period of time than suggested by water leaching. Ammonium acetate was chosen for its 
known ability to flood the exchange and replace the nutrients available in the exchange. 
In this way the residual elements can be analyzed. The relatively high concentration 
of calcium agrees with previous findings (Metz and Wells 1965). 


Statistical Analysis 


In many cases, one or more sources for a fixed element have variances differing 
from the rest (tables 4 and 5 in the appendix). This causes the F-test of analysis of 
variance to give significant results too often. Therefore, the t-statistic (or an ap- 
proximation when variances were significantly different) was used to detect differences 
between sources for selected elements. All tests were performed at the 5 percent level. 


Table 2.--Mean flyash nutrient concentrations by ammonium acetate leaching/ 


Source : Ca : Cu : Fe : K : M : Mn g Na : Zn 
- et rte er ee ee er ee eee Parts per million - --------+-------- 

A oss) Aas 3156) 1,138 245 26 1,109 7.8 

B 14,069 Ze0 3.9 1,682 697 199 52 19.3 

C 14,669 225 S52 3,418 HONS 186 2,994 23.0 

D 3,860 3.0 a0) 2,362 528 38 233 4.) 
Grand 
Mean 9,478 715) 3.4 2,150 621 Wil 1,097 Was 


kde Table 2A in the appendix gives the results of each leaching. 


Table 3.--T-test results for selected elements 


Type of : : Sources 

Water Ca 0 -2.36 -8.62* = Srcoi -8.63* -8.55* 
K - 51 soy: -1.15 aT || -1.00 -1.20 
NO, = eS = 1659 -6.19* oil —Ongae <5. /9* 
PO, (ate | 3.08 Sale e338 230, 44 

Acetate Ca - .96 -4,44* 101 = 507, drei2 5.08% 
K - 33 - .69 = «53 - .49 - .26 BAT) 


LLL LL 


* aoe Significant difference between sources at the 0.05 probability 
evel. 


The results of these t-tests appear in table 3. For the water leachings, source A 
is not significantly different from either source B or C in mean flyash nutrient concen- 
trations of Ca, K, NO3,and PO,. And, except for a difference in Ca concentration, 
source B is no different from source C. Sources A, B, and C each differ from source D 
in mean concentrations of Ca and NO3. 


In acetate leachings, the average concentration of Ca for source C significantly 
differs from both sources A and D. Other sources exhibit no statistical differences for 
Ca and K. 


For the water leaching, 55 percent of the time there is a decrease in the parts per 
million from leaching 1 through leaching 4. In acetate leaching, the decrease in each 
leaching occurs 48 percent of the time. 


DISCUSSION AND CONCLUSIONS 


The current practice of using flyash as a landfill is becoming increasingly costly. 
Available landfill areas are becoming more distant from the boiler plants. A solution 
to the problem is utilization rather than disposal. 


Wood is a very low component of processing plant residues. However, the inner 
bark contains nutrients. Hence, flyash from bark can be expected to be a better 
fertilizer source than wood ash. 


Chemical analyses suggest that flyash could serve as a fertilizer or soil amend- 
ment. Flyash can be added to pulverized bark for physically improving heavy clay soils. 


Present farming practices tend to overfertilize, which reduces water quality and 
wastes nutrients. Generally, fertilizer application has to be increased each year to 
get the same result as the previous year because organic material is lacking as a water- 
nutrient reservoir. Flyash appears to be superior because of its natural timed release 
of nutrients over an extended period of time. Preliminary field testing shows growth 


response still evident 3 years after application. A low-grade fertilizer meets plant 
needs over time better than a high-concentrate fertilizer. 


Flyash is high in potassium, which enhances its value as a fertilizer since plants 
absorb more potassium than any other element. Furthermore, the ash has a fairly good 
balance of nutrients, that is, the macronutrients and micronutrients are favorably 
proportioned in large and small quantities. 


A low-grade fertilizer can be effective if plant nutrients are available in quan- 
tities needed by plants and not in such excess amounts as to pollute the soil or damage 
the plant. Also, where soil fertility is not fully depleted, a low-grade fertilizer 
Can be a better supplement. than a potent fertilizer that will overfertilize. 


Fertilizer prices will follow rising petrochemical prices. One response of fertil- 
izer users will be to seek alternative sources for fertilizer. Flyash can provide a 
new source, and perhaps, provide additional revenues to wood products industries. 
Although further work must be done on application rates and specific uses, the prospect 
of using flyash as a fertilizer warrants serious consideration. 


PUBLICATIONS CITED 


Gambse. Gr eG. 
1970. Expanding the market for flyash. Mechanical Engineering. 92(1):26-28. 
Am. Soc. Mech. Eng., New York. 
Weer. Ibs day ghool Cp Go Weililse 
1965. Weight and nutrient of the above ground parts of some loblolly pines. USDA 
FOr serv. Res. Pap. SE-179 20ep, Southeast For? Exp. Stn., Asheville, Nic: 
Pltasicge Weeten cand. (P'. Capp. 
1974. Physical and chemical characteristics of surface mine spoil treated with fly- 
ashe) J). sonleand Water! Conserv. Z9/(3):i9=121 5 ‘Soc. Am. 


Ug 0°92 = 01 l@° §°08 bl’ 0° 16 benlv.28 08° bree 6469S: 02 s 
Ov" €°28 Crd eLGy 8S SG" 892 B9L°9 6°? Eas ooz*ZoL =x 
70° L’ 0S Loli 2h? = °0°9 0°2 vr 029 0°? Or? 002°22 p 

L* 5°62 Cncl © 09. =7°8 o°? ble 0S6 b'¢ ce 009 “601 € 

(Oe GEOL Cvcl= 2985 30:0P TBS L62 009°b BCE BE 009°8LL 4 

Sal SeSilleeeucl= 20%, « 20°97 1 07S €9€ 00S°8L ve o°p 00v ‘821 L q 
bea yall G2" GOs “2-60 L8° B°SLS L°60L°L cL Ese L°S9¢€ s 
GSs Gig agg LO° 92 OL’ 990‘ 950° L oo 6° 002 °2 x 

ee 6° L 9°73 0 0°S vs 096*€ Lee 0 c° 000 *2 v 

b° Cad 2°8 0 0°8 c° 009‘p c8€ c° co" 009°2 € 

Ss" 0"? 9°8 0 2° l2 o° 00vb 028 v° o°L 00%*2 4 

O°L 6° ZL 8°8 vo" 0°89 0°2 O0e*e 008°2 Jan 0°e 008°L L @) 
o°L Co RN A BUS = 1°62 O'L 9°9LZ*L S*e06*t c8° 99° e°?elp s 

O°? L°8 G3 v0° vl oh OOL‘S 88° 86° et 0S2°L x 

Ol Oat 7°8 0 O°el 0°? 009°9 Ocv 0 a 009*L v 

iat G2 L°8 0 0° 2 0°? 00%*9 OSL 6° O°L 009*L a 

b°? 8° Lg 0 O'bd 0°? 00b*t 029° L O° 8° 008 4 

Gze 6°92 €°8 DE 7. 98h 0" 000*¢ 009°? 0°? OF? 000*L L | 
6°€ 6°2 ov 60 = FE 102“ L ee ie ck O°68L*L €°? g-¢ VS °OLe s 

99 Sai S"6 OL” GGZ°L 9°t Ge 082*L O°Z a4 0S2°L x 

8°? 6°L L°6 20° O9L one 007 08S ons 9° 009*L v 

GY 8°? 2°6 90° OOL‘L 7 OO€ L2Z 2°9 2°l 00r*L € 

eee 0°P L°6 OL’ OOL*L Of OV O9Z 8°S vl 002 é 

Sell, . vee GO: 0l 2 O9b°€ O°Z 002 090‘E bol 0°9 008°L L Vv 


ULYded7] : |adUN0S 


eyep o,dwes--buliysesa, 4soyem--"h al qe, 


X TGNdddvV 


6 


L’LLy‘s 
766° 
GOL 


qeihsagah 
60L*L 


Sve 
LSE 
G6 
G06*2 


L°692 
82S 


LL9 
881 
Lov 
862 


6°6LE 
GLO*L 


069 
S06 
OSt'L 
sliole ll 


6°622 
£69 


00% 
GLS 
€€6 
8£6 


6°69 
She 
961 
LO 


182 
L62 


eyep oidwes--bu1ydes,; a3e}90y--"G 2/(geL 


L°26€*b 
29e'2 
L8 
Lel 


S82 
096 *8 


6° LLv'9 
BLY'e 
SOL 
9vL 


962 
G2L°el 


8°6£6'2 
289° 
OOL 
Stl 


v6e 
£80°9 


2°vly sl 
BEL‘ L 
912 
OLE 
v6L 
G2e°e 


L°L80*2 
098°¢ 
og2°e 
0g8°y 
g0°9 
G92 °L 


6°60L°E 
699° VL 
GL9°6 
OS2‘vL 
00S *9L 
os2°8L 


8°€S0°SL 
690‘vL 
G28 
OSL°2 
00Z°2L 
000 ‘Ov 


6°866‘L 
ELESS 
O0E*e 
0S0°¥ 
052°9 
0s9°Z 


Ix 


eNO St 


Ix 


—NOS 


Ix uw 


eNO Dt 


|x uw 


—-N OS 


uLyoeey 


3O4N0S 


U.S. GOVERNMENT PRINTING OFFICE:1978—777-095 / 10 


‘ay 


Gta (OO 


a Ve 


sug 
At 
yO 8%, 
4 
i 
<. 


to -_) tat 
ear GS Cok RY 
nerdy iy Op! 
apna 


oh TNA a 


